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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates in detail the carboxylate which a carboxylic acid 
and an olefin are made to react by the gaseous phase, and corresponds to high yield and the 
approach of manufacturing stably about the manufacture approach of carboxylate. The 
carboxylate obtained by this invention is a useful compound used for a coating, adhesives, a 
plasticizer, perfume, a solvent, etc., and especially unsaturated-carboxylic-acid ester is 
intermediate field important as the monomer or comonomer of various engineering plastics. 
[0002] 

[Description of the Prior Art] Conventionally, there is a method of obtaining the carboxylate 
which a carboxylic acid and alcohol are made to react under existence of an acid catalyst, and 
corresponds as the typical manufacture approach of carboxylate. However, since a reaction is 
static reaction, in order to gather an invert ratio, out of the system of reaction, this approach 
has the indispensable actuation which carries out blowdown clearance, and cannot necessarily 
say it for the water which carries out a byproduction with a simple approach. 
[0003] Then, the method of manufacturing the carboxylate which uses an olefin instead of 
alcohol and corresponds by the reaction with a carboxylic acid is studied in recent years. As a 
catalyst in that case, a sulfuric acid, strong acid nature ion exchange resin, a heteropolyacid, 
etc. are proposed. Among these, the approach using a heteropolyacid as a catalyst does not 
almost have the corrosion of equipment, and has the description that the stability of a catalyst 
is also excellent. 

[0004] As the manufacture approach of carboxylate using the heteropolyacid as a catalyst, the 
approach given in "industrial-chemistry journal" 72, 1945-1948-page (1969) and JP.48- 
39425.A, and JP,53-6131,B each official report etc. is learned. However, although 
comparatively an elevated temperature shows a certain amount of initial activity of 200-300 
degrees C to the above-mentioned "industrial-chemistry journal" when a tungstosilicic acid is 
made into a catalyst, simultaneously, with the byproduction of an acetone, poisoning is also 
intense and it is indicated as a matter of fact by the temperature in 150 degrees C or less that 
a reaction does not advance. Moreover, in the case of an approach given [ JP.48-39425.A and 
JP.53-6131 ,B each ] in an official report, although the specified substance is obtained by high 
yield using a tungstophosphoric acid, molybdophosphoric acid, and a tungstosilicic acid, space 
velocity (SV) becomes what also has the yield of the specified substance obtained very few 
since it is very low, and a problem remains economically. 

[0005] Moreover, the approach using the salt of a heteropolyacid as a catalyst is also indicated 
by JP,4-139148,A, JP.4-139149.A, and JP.4-30551.A each official report. If the specific salt of 
a tungstophosphoric acid or a tungstosilicic acid is used for a catalyst, it is indicated by these 
official reports that the carboxylate which corresponds with a high space time yield is obtained, 
however, when according to research of this invention persons it faces manufacturing 
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carboxylate by the gaseous phase and a heteropolyacid or its acid salt is used as a catalyst 
When catalytic activity falls for a short time, the olefin which is a reaction raw material 
especially carries out a polymerization or unsaturated carboxylic acid, such as an acrylic acid 
and a methacrylic acid, is used as a carboxylic acid When unreacted unsaturated carboxylic 
acid and the generated polymerization of ester happened notably and continuation operation 
was carried out industrially for this reason, it turned out that problems, such as lowering of the 
catalytic activity by are recording of a up to [ the catalyst of the lock out by the polymerization 
object and a polymerization object ], arise. As mentioned above, what can be carried out in 
satisfaction is not yet established on a scale of industrial as the manufacture approach of the 
carboxylate by the gaseous phase reaction of a carboxylic acid and an olefin. 
[0006] 

[Problem(s) to be Solved by the Invention] The object of this invention is offering the approach 
of solving the trouble of the above conventional approaches which occur in case carboxylate's 
is manufactured according to gaseous phase reaction from a carboxylic acid and an olefin, and 
manufacturing carboxylate with sufficient yield stably. 
[0007] 

[Means for Solving the Problem] this invention persons came to complete this invention for the 
ability to attain by carrying out to the bottom of coexistence of molecular oxygen by making 
gaseous phase reaction of a carboxylic acid and an olefin into a catalyst, using the acid salt of 
a heteropolyacid based on a header and this knowledge, as a result of inquiring 
wholeheartedly, in order to attain the above-mentioned object. 

[0008] That is, this invention is the manufacture approach of the carboxylate characterized by 
carrying out to the bottom of coexistence of molecular oxygen by making this reaction into a 
catalyst, using the acid salt of a heteropolyacid in the approach of making a carboxylic acid 
and an olefin reacting by the gaseous phase, and manufacturing carboxylate. 
[0009] Hereafter, this invention is explained to a detail. 

[0010] The acid salt of the heteropolyacid used by this invention means the acid metal salt and 
the acid onium salt of an acid (heteropolyacid) which two or more sorts of inorganic oxacid 
condensed and generated. As a hetero atom of this heteropolyacid, Lynn, silicon, boron, 
aluminum, germanium, titanium, a zirconium, a cerium, cobalt, chromium, and sulfur are 
illustrated. Moreover, the Pori atom is at least one element chosen from molybdenum, a 
tungsten, vanadium, niobium, and a tantalum. As an example of this heteropolyacid, a 
tungstophosphoric acid, a tungstosilicic acid, a hoe tungstic acid, molybdophosphoric acid, a 
cay molybdic acid, a hoe molybdic acid, a phosphorus molybdo tungstic acid, a cay molybdo 
tungstic acid, a hoe molybdo tungstic acid, a phosphorus BANADO molybdic acid, a cay 
BANADO tungstic acid, etc. can be mentioned. 

[001 1] Since catalytic activity is excellent also in these heteropolyacids when the 
heteropolyacid with which Lynn or silicon, and the Pori atom consist [ a hetero atom ] of a 
tungsten, molybdenum, and at least one element of vanadium makes it an acid metal salt or an 
acid onium salt, it is desirable. 

[0012] Especially, they are H3PMoxW12-xO40 or H4SiMoxW12-xO40 (among a formula) also 
in these heteropolyacids. x - the integer of 1<=x<=12 -- it is - the hetero atom expressed -- 
Lynn or silicon When the heteropolyacid with which the Pori atom consists of mixed 
coordination of molybdenum or molybdenum, and a tungsten considers as an acid metal salt 
or an acid onium salt, a catalyst life is long, and since rear-spring-supporter stability is carried 
out at a long period of time and the carboxylate of the specified substance can be 
manufactured, it is used suitably industrially. 

[0013] As an acid metal salt of a heteropolyacid, the salt of typical elements, such as 
aluminum, a thallium, tin, and lead, can be mentioned to transition-metals salts, such as 
'alkaline-earth-metal salts, such as alkali-metal salts, such as sodium, a potassium, a rubidium, 
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am^J caesium, beryllium, magnesium, calcium, strontium, and barium, copper, silver, zinc, and 
rmrcury; and a p^WoreWW, aS' ah aciB bnium salt of a heteropolyacid, phosphonium salt 
etc. SSn be nTentiSfiecJ to ammonium salt with amines, ammonia, etc., and a pan. 
[0014] Also in the acid metal salt of these heteropolyacids, and an acid onium salt, it shows 
[ catalytic activity with high the potassium and rubidium whose ionic radius of a pair cation is 
strong large and basicity, caesium, and acid metal salt of a thallium ] and is suitable. 
[0015] Although there is especially no limit in the preparation approach of the acid salt of a 
heteropolyacid, water solutions, such as the metal of an amount according to the empirical 
formula for which it asks or haloid salt of ONIUMU, a carbonate, a nitrate, acetate, and a 
sulfate, are usually added to the water solution of a heteropolyacid, after that, 80-500 degrees 
C dries at the temperature of 120-450 degrees C preferably, the solid pass is calcinated, and 
actuation of concentration, desiccation, filtration, etc. is prepared. Since the ammonium root 
****s at the elevated temperature when acid salt is acid ammonium salt, it is desirable to 
prepare at the temperature of 400 degrees C or less. 

[0016] Especially a limit may not be in the number of permutations of the hydrogen atom in the 
acid salt of a heteropolyacid, and one or two or more are sufficient. 
[0017] There is especially no limit in the operation as a catalyst of the acid salt of a 
heteropolyacid, for example, it can cast in powdered or suitable magnitude, and between the 
glass wool which constitutes a catalyst bed, McMahon packing, the Lassie ring, etc., it may 
place suitably, and you may use, and it can also support and use for support, such as silica 
gel, an alumina, a silica alumina, the diatom earth, a zeolite, a titania, a zirconia, silicon 
carbide, and activated carbon. 

[0018] If it has vapor pressure vaporizable enough under a reaction condition as a carboxylic 
acid of a reaction raw material, any are sufficient, for example, aromatic carboxylic acid, such 
as a benzoic acid, can be mentioned to partial saturation aliphatic carboxylic acid, such as 
saturation aliphatic carboxylic acid, such as a formic acid, an acetic acid, a propionic acid, and 
butanoic acid, an acrylic acid, a methacrylic acid, and a crotonic acid, and a pan. 
[0019] As an olefin which are other reaction raw materials, cyclic hydrocarbons else [, such as 
ethylene, a propylene, and a butene, ], such as a cyclohexene, can be used. Moreover, an 
olefin with still more carbon numbers can also be used if needed. Among these, although 
especially ethylene has dramatically low reactivity and it is difficult to obtain the ethyl ester 
which corresponds by the usual approach, the ethyl ester which corresponds easily by the 
approach of this invention can be manufactured. 

[0020] About the operating rate of the carboxylic acid and olefin in this invention, an 
olefin/carboxylic acid (mole ratio) is 1-100, and it is usually desirable to consider especially as 
the range of 5-50. In addition, after dissociating with a product after a reaction, the circulation 
reuse of the olefin and unreacted carboxylic acid which were used superfluously can be carried 
out. 

[0021] Even if it used a heteropolyacid or its acid salt as a catalyst like the conventional 
approach, although it was as aforementioned that the problem of catalytic activity falling for a 
short time arises, according to research of this invention persons, under un-existing [ of 
oxygen ], it turned out that it is easy to receive reduction by the olefin of a reaction raw 
material, so that the oxidizing power of the acid salt of a heteropolyacid is strong, and 
remarkable degradation of the catalyst in the early stages of a reaction takes place by this 
reduction. Then, if it reacts to the bottom of coexistence of molecular oxygen according to the 
approach of this invention, molecular oxygen will hold the oxidation state of the acid-salt 
catalyst of a heteropolyacid, and will prevent remarkable degradation in the early stages of a 
reaction. Since the oxidation state of the acid-salt catalyst of about it and a heteropolyacid is 
held, prevention of the carbon deposit to up to a catalyst, as a result lowering of catalytic 
activity are prevented. Furthermore, molecular oxygen prevents the polymerization of partial 
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saturation aliphatic carboxylic acid, such as a high acrylic acid of the olefin of a reaction raw 
material, or polymerization nature, and a methacrylic acid, and enables the stable reaction 
over a remarkable improvement of a catalyst life, as a result a long period of time. In addition, 
this invention does not receive constraint by the above-mentioned theoretical consideration. 
[0022] Although pure oxygen is sufficient as molecular oxygen, air is used industrially. It is a 
mole ratio to the total number of mols of the carbon-carbon partial saturation radical which 
exists about the amount of this molecular oxygen used in the carboxylic acid which is a 
reaction raw material, and an olefin. Namely, [number [ of molecular oxygen ] of mols/(the total 
number of mols of the carbon-carbon partial saturation radical which exists in a carboxylic acid 
and an olefin)] (This is hereafter called "amount of the molecular oxygen used (mole ratio)") is 
0.0001 or more, and if there is less amount of this molecular oxygen used (mole ratio) than 
0.0001, problems, such as yield lowering of the specified substance, generation of a 
polymerization object, and lowering of catalytic activity, will arise. In addition, what is 
necessary is just to determine suitably about the upper limit of the amount of the molecular 
oxygen used (mole ratio), according to a catalyst presentation on the occasion of operation, 
although it cannot generally specify since it changes with the presentation of the acid salt of 
the heteropolyacid used as a catalyst. However, if the amount of the molecular oxygen used 
(mole ratio) exceeds 1, since olefin concentration will become low and the yield of the specified 
substance will fall, to industrial operation, it is not desirable. 

[0023] For example, in the case of the acid salt of the heteropolyacid expressed with above 
H3PMoxW12-xO40 or H4SiMoxW12-xO40, it is good 0.0001-1, and to make especially the 
amount of the molecular oxygen used (mole ratio) into the range of 0.01-0.5. Moreover, in the 
case of the acid salt of everything but the acid salt of the above-mentioned heteropolyacid, for 
example, a tungstophosphoric acid (H3PW12O40) or a tungstosilicic acid (H4SiW 12O40), the 
amount of the molecular oxygen used (mole ratio) is good to consider as the range of 0.0001- 
0.1. Specifically, each acid salt is illustrated by the general formula of HxM3-xPW 12O40 and 
HxM4-xSiW12O40 grade. In addition, in here, M is onium salts, such as alkali-metal; thallium; 
ammonium salt, such as a potassium, a rubidium, and caesium, and phosphonium salt, etc. 
Moreover, you may be acid metal salts, such as polyvalent metal, such as alkaline earth metal. 

[0024] According to the approach of this invention, the gaseous mixture which becomes the 
catalyst bed which consists of acid salt of said heteropolyacid from the carboxylic acid and 
olefin as a reaction raw material is introduced, and it reacts in a gaseous phase, but a reaction 
raw material may be diluted with inert gas, such as nitrogen. If it reacts to the bottom of 
coexistence of a steam especially, since the yield of carboxylate will improve and catalytic 
activity will be maintained over a long period of time, it is desirable to introduce a steam into a 
catalyst bed with a reaction raw material, and to react to the bottom of coexistence of a steam. 
It is good 0.0001-1 , and to make the amount of the steam used especially into the range of 
0.005-0.5 by the mole ratio to the total number of mols of the carbon-carbon partial saturation 
radical which exists in a carboxylic acid and an olefin. 

[0025] There is especially no limit about reaction pressure, ordinary pressure is sufficient, and 
in order to increase the volume of the carboxylate per unit time amount and unit-process 
machine, a reactant may pressurize in the range which maintains a gaseous phase. Especially 
although there is especially no limit also about reaction temperature, it is desirable to make 50- 
350 degrees C into the range of 100-300 degrees C from the selectivity of a reaction and the 
point of catalytic activity maintenance. The space velocity (SV) of a reaction gaseous mixture 
which supplies for example, becomes a reaction layer from reaction material gas, nitrogen gas, 
and a steam is good 100-5000hr-1 and to consider as the range of 300-2000hr-1 especially by 
reference condition. 
[0026] 
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[Effect of the Invention] Since the reaction of this invention makes acid salt of a heteropolyacid 
a catalyst and is performed to the bottom of coexistence of molecular oxygen, its (1 ) catalytic 
activity is high, and its (2) catalyst lifes are long, and prevention ****** can perform the 
polymerization of the olefin of (3) reaction raw materials, a carboxylic acid, especially partial 
saturation aliphatic carboxylic acid. For this reason, a reaction can be stably performed over 
high yield and a long period of time. It will be as follows if other effectiveness is enumerated. 
[0027] (4) There is no corrosion of the equipment by the catalyst, and a reaction comes out 
enough under ordinary pressure or slight application of pressure, and, for a certain reason, 
becomes cheap [ a construction cost ] from fields, such as construction material of equipment. 
[0028] (5) Since a cheap olefin is used instead of alcohol expensive as a reaction raw material, 
carboxylate can be manufactured by low cost. 

[0029] (6) Since it is gaseous phase reaction, the separation process of a catalyst and the 
specified substance is unnecessary, and a separation generation process can be simplified. 
[0030] 

[Example] This invention is not limited by these examples, although an example is given and 
this invention is explained still more concretely hereafter. It asked for the yield of the 
carboxylate in each example by the following formula from the analysis result of a gas 
chromatograph. 

[0031] yield (mol %) =(mol of generated carboxylate number / mol of supplied carboxylic acid 
number) x100 - in addition in which example, other by-products were not accepted other than 
the carboxylate and the unreacted carboxylic acid of the specified substance. 
[0032] 50.8g (product made from NIPPON MUKI Chemical industry) of example 1 
tungstophosphoric acids was dissolved in 500ml of water. Apart from this, 6.1g (the product 
made from KISHIDA Chemistry, special grade chemical) of cesium carbonate was dissolved in 
60ml of water. It became cloudy shortly after the water solution of cesium carbonate was 
dropped little by little, agitating the water solution of a tungstophosphoric acid violently. 
Concentration hardening by drying of this was carried out at 50 degrees C, and it was made to 
jjry at 150 more degrees C overnight, and considered as powder after that. This was the acid 
ucesium salt of the tungstophosphoriclacid of a presentation of H0.5Cs2.5PW 1 2O40. t^^'^jSL 
[0033]Tencc of acid cesium salts of this tungstophosphoric acid was mixed with Dixon ^ 
^packing^product made from Tokyo "Special Wire gauze) lOg, the U characteTmold coil mad© 
from stainless steel (bore of i 5mm) was filled up, and glass wool was put on ends. The n oi&xArt ^ 
reaction temperature of 1 50 degrees C and a pressure were made into ordinary pressure, and' p ^ f55W % 
passed the gaseous mixture (a mole ratio, 1 :1 3:0.02:0.08:0.2) of an acrylic- * 1 ArM</ 

acid:ethylene:oxygen:nitrogen:steam by the 91. [/o'clock ] (it is the same reference condition ~? jN[t<\G 
conversion and the following) rate of flow. After cooling and carrying out the trap of the gas 
which came out of the coil, it analyzed by the gas chromatograph. The yield of the ethyl 
J acrylate of 3 hours after was 49.7% from reaction initiation. The catalyst presentation, the 
reaction condition, and the reaction result were shown in a table 1 , a table 2, and a table 3, 
'respectively. 

[0034] In example 2 example 1, the acid ammonium salt (H0.5 (NH4) 2.5PW 12O40) of a 
tungstophosphoric acid was prepared like the example 1 except having used 41ml of water 
solutions of 1 convention ammonia instead of the water solution of cesium carbonate. 
[0035] In the example 1 , the reaction of an acrylic acid and ethylene was performed like the 
example 1 except having passed the gaseous mixture (a mole ratio, 1 :1 0:0.02:0.08:0.2) of an 
acrylic-acid:ethylene:oxygen:nitrogen:steam by the 91. [/o'clock ] rate of flow, using the acid 
ammonium salt of the above-mentioned tungstophosphoric acid as a catalyst. The catalyst 
presentation, the reaction condition, and the reaction result were shown in a table 1 , a table 2, 
and a table 3, respectively. 

[0036] The reaction of an acrylic acid and ethylene was performed on the same conditions as 
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an example 2 by making into a catalyst various acid salt of the tungstophosphoric acid shown 
in three to example 7 table 1 . The catalyst presentation, the reaction condition, and the 
reaction result were shown in a table 1 , a table 2, and a table 3, respectively. 
[0037] The reaction of an acrylic acid and ethylene was performed on the same conditions as 
an example 1 by making into a catalyst the acid cesium salt of the various heteropolyacids 
shown in eight to example 9 table 1. The catalyst presentation, the reaction condition, and the 
reaction result were shown in a table 1 , a table 2, and a table 3, respectively. 
[0038] The reaction of an acrylic acid and ethylene was performed on the same conditions as 
an example 1 by making into a catalyst the acid cesium salt of the tungstophosphoric acid with 
which the presentations shown in ten to example 1 1 table 1 differ. The catalyst presentation, 
the reaction condition, and the reaction result were shown in a table 1, a table 2, and a table 3, 
respectively. 

[0039] In example 12 example 1 , the reaction of an acetic acid and ethylene was performed 
like the example 1 except having used the gaseous mixture (a mole ratio, 1:8:0.02:0.08:0.2) of 
an acetic-acid:ethylene:oxygen:nitrogen:steam as supply reactant gas. The catalyst 
presentation, the reaction condition, and the reaction result were shown in a table 1 , a table 2, 
and a table 3, respectively. 

[0040] In example 13 example 1 , the reaction of a methacrylic acid and ethylene was 
performed like the example 1 except having used the gaseous mixture (a mole ratio, 
1:15:0.02:0.08:0.2) of a methacrylic-acid:ethylene:oxygen:nitrogen:steam as supply reactant 
gas. The catalyst presentation, the reaction condition, and the reaction result were shown in a 
table 1 , a table 2, and a table 3, respectively. 

[0041] In example 14 example 1 , the reaction of an acetic acid and a propylene was performed 
like the example 1 except having passed the gaseous mixture (a mole ratio, 
1:8:0.14:7.96:0.03) of an acetic-acid:propylene:oxygen:nitrogen:steam by the 171. [/o'clock ] 
rate of flow as supply reactant gas. The catalyst presentation, the reaction condition, and the 
reaction result were shown in a table 1 , a table 2, and a table 3, respectively. 
[0042] In example 1 5 example 1 , the reaction of an acrylic acid and ethylene was performed 
like the example 1 except having passed the gaseous mixture (a mole ratio, 1:13:1.30:0:0.2) of 
an acrylic-acid:ethylene:oxygen:nitrogen:steam by the 9.8I. [/o'clock ] rate of flow as supply 
reactant gas. The catalyst presentation, the reaction condition, and the reaction result were 
shown in a table 1 , a table 2, and a table 3, respectively. 

[0043] In example 16 example 1 , the reaction of an acrylic acid and ethylene was performed 
like the example 1 except having passed the gaseous mixture (a mole ratio, 1:10:0.10:0:0.2) of 
an acrylic-acid:ethylene:oxygen:nitrogen:steam by the 91. [/o'clock] rate of flow as supply 
reactant gas. The catalyst presentation, the reaction condition, and the reaction result were 
shown in a table 1 , a table 2, and a table 3, respectively. 

[0044] In example of comparison 1 example 1, the reaction of an acrylic acid and ethylene was 
performed like the example 1 except having passed the gaseous mixture of an acrylic- 
acid:ethylene:oxygen:nitrogen:steam (a mole ratio, 1:13:0:0.10:0.2), i.e., the gaseous mixture 
which does not contain oxygen, as supply reactant gas. From reaction initiation, although the 
yield of the ethyl acrylate of 3 hours after was 36.2%, 7 hours after the catalyst bed blockaded 
and the reaction mixture slightly obtained at this time was gelling. The catalyst presentation, 
the reaction condition, and the reaction result were shown in a table 1, a table 2, and a table 3, 
respectively. 
[0045] 
[A table 1] 
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t 
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H 0.5 Cs 2.5 PW 12°40 



[0046] 
[A table 2] 
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[A table 3] 
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[0048] 230.0g (H3PW6Mo6) (product made from NIPPON MUKI Chemical industry) of 
example 176-tongue strike-6-molybdophosphoric acids was dissolved in 900ml of water. Apart 
from this, 32.6g (the product made from KISHIDA Chemistry, special grade chemical) of 
cesium carbonate was dissolved in 300ml of water. The water solution of the above-mentioned 
phosphorus tongue strike molybdic acid was dropped little by little at this, agitating the water 
solution of this cesium carbonate. The solution became cloudy in dropping and coincidence. 
This was condensed at 50 degrees C and it dried at 150 degrees C for 3 hours. Furthermore, 
after calcinating at 400 degrees C in nitrogen-gas-atmosphere mind for 1 hour, it considered 
as powder. This was the acid cesium salt of the phosphorus tongue strike molybdic acid of a 
presentation of H0.5Cs2.5PW6Mo 6O40. 

[0049] Ten cc of this acid cesium salt was taken, it mixed with Dixon packing (product made 
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from Tokyo Special Wire gauze) 10g, the U character mold coil made from stainless steel 
(bore of 24mm) was filled up, and glass wool was put on ends. The reaction temperature of 
200 degrees C and a pressure were made into ordinary pressure, and passed the gaseous 
mixture (a mole ratio, 1.0:10:1.0:0.7:2.7) of an acrylic-acid:ethylene:oxygen:nitrogen:steam by 
the 101. [/o'clock ] rate of flow. After cooling and carrying out the trap of the gas which came 
out of the coil, it analyzed by the gas chromatograph. The yield of the ethyl acrylate of 3 hours, 
two days, and seven days after (48 hours after) (168 hours after) was 18.2%, 16.0%, and 
12.2% from reaction initiation, respectively. 

[0050] In 18 to example 19 example 17, the acid cesium salt of a phosphorus tongue strike 
molybdic acid was prepared like the example 1 except having used the 9-tongue strike-3- 
molybdophosphoric acid and 3-tongue strike-9-molybdophosphoric acid with which the ratios 
of a tungsten and molybdenum differ instead of. [ the 6-tongue strike-6-molybdophosphoric 
acid ] The reaction of an acrylic acid and ethylene was performed like the example 17 except 
having used this acid cesium salt as a catalyst. The catalyst presentation, the reaction 
condition, and the reaction result were shown in a table 4, a table 5, and a table 6, 
respectively. 

[0051] In example 20 example 17, the acid thallium salt of a phosphorus tongue strike 
molybdic acid was prepared like the example 17 except having used the 1 1 -tongue strike-1- 
molybdophosphoric acid instead of the 6-tongue strike-6-molybdophosphoric acid, and having 
used the thallium nitrate instead of cesium carbonate. The reaction of an acrylic acid and 
ethylene was performed like the example 17 except having used this acid thallium salt as a 
catalyst. The catalyst presentation, the reaction condition, and the reaction result were shown 
in a table 4, a table 5, and a table 6, respectively. 

[0052] In example 21 example 17, the acid rubidium salt of a phosphorus tongue strike 
molybdic acid was prepared like the example 17 except having used the 9-tongue strike-3- 
molybdophosphoric acid instead of the 6-tongue strike-6-molybdophosphoric acid, and having 
used the carbonic acid rubidium instead of cesium carbonate. The reaction of an acrylic acid 
and ethylene was performed like the example 17 except having used this acid rubidium salt as 
a catalyst. The catalyst presentation, the reaction condition, and the reaction result were 
shown in a table 4, a table 5, and a table 6, respectively. 

[0053] In example 22 example 17, the acid potassium salt of a phosphorus tongue strike 
molybdic acid was prepared like the example 17 instead of the 6-tongue strike-6- 
molybdophosphoric acid except having used potassium carbonate for the change of cesium 
carbonate for the 3-tongue strike-9-molybdophosphoric acid again. The reaction of an acrylic 
acid and ethylene was performed like the example 17 except having made this acid potassium 
salt into the catalyst. The catalyst presentation, the reaction condition, and the reaction result 
were shown in a table 4, a table 5, and a table 6, respectively. 

[0054] In example 23 example 17, the acid cesium salt of a cay tongue strike molybdic acid 
was prepared like the example 17 except having used the 6-tongue strike-6-molybdo silicic 
acid instead of the 6-tongue strike-6-molybdophosphoric acid. The reaction of an acrylic acid 
and ethylene was performed like the example 17 except having made this acid cesium salt into 
the catalyst. The catalyst presentation, the reaction condition, and the reaction result were 
shown in a table 4, a table 5, and a table 6, respectively. 

[0055] In 24 to example 25 example 17, the reaction of an acrylic acid and ethylene was 
performed like the example 17 except having changed the presentation of a gaseous mixture. 
The catalyst presentation, the reaction condition, and the reaction result were shown in a table 
4, a table 5, and a table 6, respectively. 

[0056] In example 26 example 17, the reaction of a methacrylic acid and a propylene was 
performed like the example 17 except having used the methacrylic acid for the change of an 
acrylic acid, and having used the propylene for the change of ethylene. The catalyst 
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presentation, the reaction condition, and the reaction result were shown in a table 4, a table 5, 
and a table 6, respectively. 

[0057] The acrylic-acid:ethylene:steam which does not contain oxygen as supply mixed gas in 
example [ of a comparison ] 2 example 17: The reaction of an acrylic acid and ethylene was 
performed like the example 17 except having used the gaseous mixture of the gaseous 
mixture (a mole ratio, 1 .0:10:1.0:3.4) of nitrogen. The catalyst presentation, the reaction 
condition, and the reaction result were shown in a table 4, a table 5, and a table 6, 
respectively. The yield of an ethyl acrylate fell remarkably two days after reaction initiation. 
[0058] It set in the example of comparison 3 example 17, and the reaction of an acrylic acid 
and ethylene was performed like the example 17 except having used as a catalyst the 
phosphorus tongue strike molybdic acid which dries as it is, calcinates a 6-tongue strike-6- 
molybdophosphoric acid, and is obtained. The catalyst presentation, the reaction condition, 
and the reaction result were shown in a table 4, a table 5, and a table 6, respectively. 
[0059] 
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H 0.5 Cs 2.5 PW 6 Mo 6°40 
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H 0.5 Cs 2.5 PW 9 Mo 3°40 
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H 0.5 Cs 2.5 PW 6 Mo 6°40 
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H 0.5 Cs 2.5 PW 6 Mo 6°40 
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H 3 PW 6 Mo 6 O 40 



[0060] 
[A table 5] 
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[0061] 
[A table 6] 
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[0062] 



[Translation done.] 
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